Interannual variations of latent heat fluxes (LHF) and sensible heat fluxes (SHF) over the Mediterranean for the boreal winter season (DJF) show positive trends during 1958-2011. Using reanalysis and satellite-based products, the variability and trends in the heat fluxes are compared with variations in three atmospheric teleconnection patterns: the North Atlantic Oscillation (NAO), the pressure and position of the Azores High (AH), and the East Atlantic-West Russia teleconnection pattern (EAWR). Comparison of correlations between the heat fluxes and teleconnections, along with analysis of composites of surface temperature, humidity, and wind fields for different teleconnection states, demonstrates that the AH explains the heat flux changes more successfully than NAO and EAWR. Trends in pressure and longitude of the Azores High show a strengthening and an eastward shift. Variations of the Azores High occur along an axis defined by lower pressure and westward location at one extreme and higher pressure and eastward location at the other extreme. The shift of the AH from predominance of the low/west state to the high/east state induces trends in Mediterranean Sea surface winds, temperature, and moisture. These, combined with sea surface warming trends, produce trends in wintertime sensible and latent heat fluxes.
Introduction
Low-frequency variability of the large scale atmospheric circulation over the North Atlantic and Europe has long been recognized as a critical driver of climate variability in the region. As early as 1939, [1] used averages of daily surface pressure observations to identify several large scale circulation features. They called these structures the "semipermanent centers of action. " These included the Icelandic and Aleutian Lows, the Azores High, the Hawaiian High, and the Siberia High (Icelandic Low and Azores High can be seen in Figure 1 ). The authors suggested that there was a relationship between the displacement of the Aleutian Low and the intensity of the zonal circulation in the North Pacific. In the northern hemisphere the low pressure centers drive counterclockwise winds around them, while the winds associated with the highs are clockwise. The winds associated with a center of action dominate atmospheric circulation in that domain. In general, the centers of action exist within spatially inhomogeneous environments that are characterized by latitudinal and longitudinal gradients of temperature and humidity. The properties of the air masses advected by the winds induced by the centers of action depend on the position of the center of action with respect to the larger scale gradients. It follows that fluctuations in the pressures and positions of the atmospheric pressure centers produce changes in surface wind speed and direction, and these, in turn, change temperature and humidity, thereby altering fluxes of heat and moisture.
Many studies describe atmospheric pressure center variability and its role in regional climate. A widely used method of studying atmospheric circulation variability is the identification of commonly occurring large scale patterns in climate variables related to circulation, such as sea level pressure (SLP, see Abbreviations for definition of this and other acronyms), or geopotential height. Several such modes of variability have been identified, the most important being the North Atlantic Oscillation (NAO), a meridional redistribution of atmospheric mass with centers of action near Iceland and the Azores (e.g., [2, 3] ). Other patterns have also been recognized, such as the East Atlantic pattern [2, 4] , the Scandinavian pattern [4] , the North Caspian pattern [5] , and the East Atlantic West Russia pattern [4, 6] . Several methods are used to characterize atmospheric circulation variability modes. One is the station-based approach, where the difference between normalized SLP at two stations chosen to represent the centers of action of the teleconnection is taken to represent time variability of the teleconnection (e.g., [3, 5] ). This approach does not account for the extended structure of the Icelandic Low and Azores High nor for fluctuations in their shapes and locations, which induce corresponding changes in the distribution of wind stress on the ocean surface [7] . Nevertheless, it is widely used in studies relating climate variables to teleconnection activity ( [8] and references therein). Another method is to identify patterns by means of empirical orthogonal function (EOF) analysis, in which the leading eigenvectors of the covariance matrix of SLP or geopotential height are taken to represent different teleconnection patterns, and their corresponding principal components represent the loading, or importance, of that pattern as a function of time (e.g., [4, 9, 10] ).
The location of the centers of action of wintertime North Atlantic teleconnection patterns has been shown to exhibit large interdecadal variability over the previous century [11, 12] . These studies found that the location of the centers of action was linked to the phase of the NAO, with eastward displacement associated with the positive phase of the NAO (i.e., a larger meridional pressure difference). This pattern dominated during the 1930s-1950s [12] . The linkage between NAO+ and eastward displacement is especially strong for the anticyclonic center of action near the Azores [12] . In more recent decades, several researchers found a shift toward more frequent occurrence of the NAO+/eastward Azores High combination since the late 1970s [9, [13] [14] [15] .
The Mediterranean was identified as an area likely to undergo large changes in the coming decades in response to anthropogenic forcing [16] . The region is expected to experience increasing SST, increasing evaporation, and decreasing precipitation, significantly altering the energy and freshwater budgets of the Mediterranean Sea [17] . To understand the predicted changes, it is critical to understand and characterize Mediterranean water cycle variability in recent decades [17] .
Many studies examined the influence of atmospheric teleconnections on the climate of the Mediterranean. The paper [18] compared the impact of the North Caspian Pattern (NCP) and the NAO on air-sea heat fluxes and found that the NCP affects air-sea heat fluxes in the eastern Mediterranean, while the NAO is more important in the western Mediterranean. In contrast, [19] considered the NAO, East AtlanticWest Russia (EAWR), and East Atlantic (EA) patterns and found a much smaller role for the NAO compared to the EA and EAWR. The paper [19] demonstrated a strong basin-wide response of net heat flux to the EA and a spatially varying response to the EAWR, with approximately equal and opposite signs between the eastern and western halves of the basin. The paper [20] showed that both the NCP and NAO affect turbulent heat fluxes in the central and eastern Mediterranean by modulating the frequency and location of cyclones. The basin-wide response of turbulent heat fluxes to the EA was also noted by [21] ; however, they did not find any association between subbasin scale fluxes and any of the indices.
Different indices were associated with precipitation in different parts of the Mediterranean basin by [6, 22] , who found that the NAO influenced precipitation in the western central Mediterranean, whereas the EAWR was more important in the eastern Mediterranean. They suggested that the NAO and EAWR interact, proposing the possibility that a positive NAO may increase the likelihood of a positive EAWR. The paper [23] related the NAO and EAWR individually and in combination to the frequency of occurrence of distinct patterns of Mediterranean precipitation, finding a pattern of reduced precipitation in the central Mediterranean and enhanced precipitation in the eastern Mediterranean that is most likely to occur when both the NAO and EAWR are positive.
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Teleconnections were shown to influence SST as well. The paper [24] found that the EA is correlated with SST over the entire basin. According to [24] , the NAO has the strongest influence in the western and central Mediterranean, while [25] showed that the NAO and EAWR affect SSTs in the eastern Mediterranean and Black Seas. Mediterranean Sea level [26] and wave height were shown to be anticorrelated with the NAO, although mesoscale storminess, land-sea orientation, and local orography were found to modify the influence of the large scale atmospheric structure on wave height [27] .
Atmospheric circulation variability can have large impacts on the water mass structure of the Mediterranean. Wintertime temperature, wind, and precipitation are all influenced by teleconnection patterns (e.g., [6, 19, 25] ). These in turn alter the thermohaline circulation [28, 29] via changes to surface heat fluxes, wind forcing, and salinity [30, 31] . The influence on the water mass characteristics extends through the entire Mediterranean and may persist for many years [32] .
The recent focus on relationships between large scale atmospheric teleconnections and various climate parameters in the Mediterranean region revealed that the western and central Mediterranean tends to vary out of phase with the eastern Mediterranean, with the NAO generally associated with variability in the western and central Mediterranean, either directly or indirectly via another oscillation, and the EAWR or NCP patterns having greater influence over the eastern Mediterranean, although the findings are not consistent for this region.
In light of the spatial variability of the centers of action in the North Atlantic discussed above, we chose the centers of action (COA) approach for characterizing the atmospheric circulation structure and variability. This method permits us to identify the intensity and spatial position of the Icelandic Low and Azores High (see Section 2), allowing characterization of atmospheric circulation variability and its effect on regional climate, in a more physically meaningful way. As it does not rely on fixed stations or patterns, it is well suited for exploring the regional effects of fluctuations in the location, as well as the intensity, of atmospheric pressure centers.
Recently, the COA approach was used to investigate several regional phenomena. The paper [33] showed that the interannual variability of Gulf Stream north wall position has higher correlation with the longitude of the Icelandic Low than with the NAO. The paper [34] investigated the relationship between summer precipitation over the Sahel and the Azores High. The results showed that the longitudinal displacement of the Azores High has a significant impact on interannual variation as well as decadal trends in Sahel rainfall. When the Azores High is displaced westwards, the Sahel experiences more precipitation, and in summers when the Azores High shifts eastwards, precipitation in the Sahel region is reduced. The paper [35] found that decreasing trends in wind speed and rates of ocean upwelling in the southern Caribbean Sea are related to a northward shift of the Azores High.
The Mediterranean is a concentration basin, where warmer, fresher surface water inflow from the Atlantic is modified via latent and sensible heat exchanges with the atmosphere, becoming colder, saltier, and denser before exiting at depth through Gibraltar (e.g., [36, 37] ). This water mass, known as Mediterranean Outflow Water, plays an important role in regulating the strength and stability of the Atlantic Meridional Overturning Circulation, a major component of the global thermohaline circulation [38, 39] . Several studies demonstrated warming and salinification of Mediterranean outflow over the past several decades [37, [39] [40] [41] . These changes were attributed to a combination of causes, including damming of the Nile, changes in the properties of Atlantic inflow waters, and trends in turbulent heat fluxes [40] . Sensitivity studies using climate models suggested that increasing Mediterranean outflow salinity stabilizes the Atlantic overturning circulation, especially in conditions where deep water formation in the North Atlantic is weak [38] . Hence, trends in Mediterranean Sea turbulent heat fluxes may play a vital role in maintaining the global overturning circulation as high latitude waters freshen [39] .
The Mediterranean Sea is located just to the east of the mean location of the Azores High (see Figure 1) . Accordingly, changes in the intensity and location of the Azores High alter the wind strength and direction over the Mediterranean and thereby have a large influence on the climate of the region. This study relates trends in Mediterranean latent and sensible heat fluxes to trends in the intensity and eastward displacement of the Azores High, via their influence on winds and air-sea gradients of temperature and humidity. Section 2 describes the methodology used in identifying the centers of action and the datasets used herein; Section 3 describes trends in boreal winter (December, January, February (DJF)) Mediterranean Sea latent and sensible heat fluxes from 1958 to 2011, presents trends in the NAO, EAWR, and Azores High pressure, latitude, and longitude, discusses covariability of Azores High intensity and longitude, and attributes trends in latent and sensible heat to changes in wind speed and airsea gradients of temperature and humidity, which are then related to changes in Azores High pressure and longitude. Section 4 discusses these findings in the context of observed and predicted changes of large scale atmospheric circulation.
Methodology and Data
To quantify the changes in the centers of action, objective indices for the pressure, latitude, and longitude locations for the centers are calculated using gridded SLP data [42] . By examining the monthly SLP maps of the past one hundred years, the latitude-longitude domains over which each of the pressure centers occurs were identified. The pressure index is then defined as an area-weighted pressure departure from a threshold value over the domain ( , ):
where is the SLP value at grid point ( , ), is the threshold SLP value ( = 1014 mb for Azores High and Icelandic Low), and is the latitude of grid point ( , ) 
and the longitudinal index is defined in an analogous manner. The location indices thus give pressure-weighted mean latitudinal and longitudinal positions of the centers.
The area domains covered by the indices are the Icelandic Low (40 ∘ N-75 ∘ N, 90 ∘ W-20 ∘ E) and the Azores High (20
Monthly sea level pressure data from the National Center for Atmospheric Research (NCAR) (http://rda.ucar.edu/datasets/ds010.1/) [43] were used in calculating the indices using the method described in [42] . Note that the domains of the two pressure centers overlap because the two centers migrate back and forth over the North Atlantic; however, there is no overlap in calculating their indices because, for a given month, only those grid points where the SLP exceeds the threshold value are counted for the Azores High, and those for which the SLP is less than are counted for the Icelandic Low. The indices of the Icelandic Low and the Azores High were recently used to investigate the interannual variations of the Gulf Stream north wall [33] and the variations of zooplankton in the Gulf of Maine [44] .
The monthly mean NAO index used here is from the National Oceanic and Atmospheric Administration (NOAA)/National Weather Service Climate Prediction Center and is computed using the Rotated Principal Component Analysis method of [4] . For more information, see http:// www.cpc.ncep.noaa.gov/products/precip/CWlink/daily ao index/history/method.shtml.
Monthly mean values of the EAWR index are also from the NOAA/National Weather Service Climate Prediction Center and have been computed using [4] 's procedure. Please see http://www.cpc.ncep.noaa.gov/data/teledoc/eawruss.shtml for further details.
Turbulent fluxes (latent and sensible heat, referred to as LHF and SHF, resp.) and the quantities they are derived from (wind speed, near surface air temperature and humidity, and SST) are from the Objectively Analyzed Air-Sea Flux (OAFlux) merged satellite and reanalysis product [45] produced by the Woods Hole Oceanographic Institution (WHOI). For this study, specific humidity at the sea surface is computed from SST assuming saturation using the Coupled Ocean Atmosphere Response Experiment (COARE) v2.5b algorithm, available at http://woodshole.er.usgs.gov/operations/sea-mat/air sea-html/qsat.html. OAFlux data are derived by synthesizing satellite-based observations with output from several reanalyses using an objective analysis algorithm that minimizes error with respect to independent surfacebased observations. OAFlux heat fluxes agree with the shipbased National Oceanography Centre climatology [46] and are on average within 5% of buoy-ship flux measurements with no bias [45] . They are monthly means at 1 ∘ resolution. Because OAFlux provides wind speed but not and V winds, we take daily mean 10 m and V winds from the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) Reanalysis I [47] . The NCEP/NCAR Reanalysis assimilates a wide variety of input data (e.g., land surface, ship, rawinsonde, aircraft, satellite, and other observations) into an analysis/forecast atmospheric model, designed to produce a quality-controlled record of atmospheric quantities which is consistent with available observations but does not exhibit variations due to changes in observing system and is temporally and spatially complete. Quantities are classified according to how much they rely on model predictions as compared to observations. and V winds are given the "A" classification, meaning they are in the category with the largest influence from observations. They are provided on a T62 (192 × 94) gaussian grid. The spatial pattern of LHF and SHF trends has a more complex structure than the east-west dipole often observed in the Mediterranean (see Section 1). Large trends occur in several locations along the northern shores of the Mediterranean, especially in the Gulf of Lions and the Gulf of Genoa, the Alboran Sea, the southeastern Adriatic Sea, and the northern Aegean Sea and along the southern coast of Turkey. Large trends are also found in the central Mediterranean from southern Italy southward to the North African coast and in the southern Levantine basin. Minima are found in the central Algerian basin, the central Tyrrhenian and Ionian basins, the Cretan Sea, and especially the northern Levantine basin. The paper [17] found a similar spatial distribution of trends in evaporation for October-March, 1979-2006. The main differences between the longer term, DJF trends shown here, and those described by [17] are that [17] found a smaller trend in the central Mediterranean and a larger trend in the northern Levantine basin. While [17, 49] did not present spatial patterns of evaporation trends prior to 1979, they found a negative trend in Mediterranean-mean evaporation during the 1960s and early 1970s, with the sign of the trend becoming positive after 1975, and stated that the eastern and western Mediterranean basin means exhibit the same trends as the Mediterranean as a whole. Small positive, but significant, trends were found for Mediterranean mean evaporation from 1958 to 2006, whereas 1979-2006 trends are much larger [17] . The good agreement between the spatial distribution shown by [17] and that shown here suggests that the spatial pattern of The monthly mean DJF NAO index is pictured in Figure 3(b) , and the monthly mean EAWR index is shown in Figure 3(d) . Linear trends are plotted if they are significant at = 0.05. While significant linear trends are found in the Azores High pressure and longitude and in the NAO index, the long term variation of these indices is not quite linear. In particular, the Azores High pressure and the NAO index both display the well-known leveling off during the 2000s. Our findings agree with numerous results in the literature showing a positive trend in the NAO index (e.g., [9, 11, 15] ). Of course, it is not surprising that the time series of Azores High pressure and the NAO index are so similar, since the NAO index represents the strength of the difference between the Azores High and the Icelandic Low. Our identification of an eastward trend in the location of the Azores High agrees with observations by [11-13, 15, 50] of a shift in the anticyclonic center of action located near the Azores. The paper [50] also noted an increase in SLP over the Mediterranean from about 1960 onward.
Results/Discussion
The EAWR index does not show a significant trend for the time period, in agreement with [19] . The paper [6] identified a positive trend in the October-March EAWR index from 1950 to 2000, but the trend became nonsignificant when the time series was extended beyond 2000. Thus, while the EAWR strongly affects the eastern Mediterranean on interannual time scales (see discussion in Section 1), it is not likely to be responsible for the observed trends in LHF and SHF.
While [19] showed that the October-March EA has a trend over the latter half of the 20th century, the spatial pattern of heat flux they associated with a unit change in the EA does not match the patterns shown in Figure 2 , suggesting that the EA is also not responsible for the trends in LHF and SHF.
Correlation coefficients between detrended monthly mean LHF and detrended monthly mean Azores High pressure, Azores High longitude, and the NAO index are shown in Close examination of Figures 3(a) and 3(c) suggests that an increase in Azores High pressure accompanies an eastward displacement, while a decrease in pressure accompanies a westward displacement. To more clearly show the covariability between Azores High pressure and longitude, a scatterplot of these quantities is shown in Figure 5 . While there is a lot of scatter and a few outliers, Figure 5 shows that Azores High pressure and longitude tend to fall along a low/west to high/east axis. Our finding that more intense Azores Highs occur further to the east agrees with the observed relationship between the NAO positive phase, characterized by a larger meridional pressure gradient, and an eastward shift of its southern center of action, the Azores High (e.g., [9, 11, 15] ), and points to variability of the Azores High as the underlying mechanism. This, together with the trends shown in Figures 3(a) and 3(c) , suggests that there has been a shift toward more frequent occurrence of the high/east state over the study period, in agreement with other studies [11, 15] .
(c) Effect of Change of Frequency of AH States on Air-Sea
Gradients, Wind Speed. To investigate the effect of a shift toward more frequent occurrence of the Azores High high/ east state on Mediterranean Sea turbulent heat fluxes, we computed composites of the air-sea gradients of humidity and temperature, as well as zonal and meridional wind velocity, for months during DJF 1958-2011 when the Azores High was simultaneously anomalously strong and eastward and for months when it was simultaneously anomalously weak and westward. We then subtracted the low/west composite from the high/east composite, yielding the spatial pattern of changes in air-sea gradients, zonal and meridional wind velocity that is induced by a shift from low/west to high/east. These are shown in Figures 6(a), 6 (c), 6(e), and 6(g). LHF and SHF are computed as functions of air-sea humidity and temperature gradients scaled by wind speed and a height and stability dependent turbulent exchange coefficient [45] . and negative values of meridional velocity indicate northerly wind components. Examining the composites of wind velocity and air-sea gradients individually permits us to diagnose contributions from each to the observed flux trends. We also show composites computed for the difference between NAO+ months and NAO− months (Figures 6(b) , 6(d), 6(f), and 6(h)). Significance of the difference between Azores High high/east and low/west and of the difference between NAO+ and NAO− was computed using the -statistic, and only differences significant at = 0.05 are shown. Figures 6(a) , 6(e), and 6(g), taken together, show how the shift toward more dominant Azores High high/east conditions affects LHF via altering the air-sea humidity gradient (Figure 6(a) ) and zonal and meridional wind velocity (Figures 6(e) and 6(g) ). The Azores High high/east state produces larger air-sea humidity gradients everywhere, but especially in the Alboran Sea and the Ionian and Levantine basins. This pattern would tend to increase LHF everywhere but when scaled by the Azores High high/east-related zonal and meridional wind velocity changes shown in Figures 6(e) and 6(g) produces a spatial pattern similar to the LHF trends shown in Figure 2 . In particular, the meridional wind velocity difference map displays the pattern of enhanced northerly wind components near the northern coasts and in the Ionian and Levantine basins. While the meridional wind velocity composite difference shows smaller increases in the northern coastal areas, orography may locally modify and intensify winds generated by the large scale atmospheric pressure centers, as described by [27] . Even with little or no change in air-sea humidity and temperature, local wind changes could produce larger trends in LHF and SHF immediately adjacent to the northern coasts, as displayed in Figure 2 . The air-sea temperature gradient difference map (Figure 6(c) ), when scaled by the wind velocity differences, produces a pattern that resembles the SHF trends in Figure 2 (b) in the central Mediterranean but does not agree with that in the northwestern Mediterranean and in the eastern Levantine basin. In the northwestern Mediterranean, increases in meridional wind velocity associated with more frequent occurrence of the Azores High high/east state could produce the SHF trend shown in Figure 2(b) . Trends in SHF are not significant in the eastern Levantine basin, despite larger airsea temperature gradients and stronger northerly winds in association with more frequent Azores High high/east states. Examining Figures 2(b) , 6(c), and 6(f) reveals that even in regions with the largest air-sea temperature differences and the most northerly winds (e.g., the southern Adriatic and Aegean Seas) SHF trends are fairly small, on the order of 0.25 Wm −2 /yr. It may be that the smaller enhancement of air-sea temperature gradients and northerly wind velocities in the eastern Levantine basin under Azores High high/east conditions does not produce SHF trends that are sufficiently large to overcome interannual variability, leading to the finding of nonsignificant trends in this region.
The patterns of air-sea gradients and zonal and meridional wind velocities associated with the change from NAO− to NAO+, shown in Figures 6(b), 6 (d), 6(f), and 6(h), are somewhat similar to those associated with Azores High variability, which is to be expected, since the intensity of the Azores High is a component of the NAO. However, the NAO difference composites reveal that a shift toward NAO+ produces smaller enhancements of air-sea humidity and temperature gradients and that the enhancements are largely confined to the eastern Mediterranean. Wind velocity enhancements are smaller as well and do not extend to the Gulf of Lions and the northern Adriatic. The NAO difference composite air-sea temperature gradient pattern does not show the large increase around the coast of Greece seen in the Azores High difference map. This feature produces the local maximum in SHF trends in that region and further suggests that the Azores High high/east-low/west state composites better correspond to the LHF and SHF trends than the NAO positive-NAO negative composites.
The spatial patterns of the difference composites shown in Figures 6(a), 6 (c), 6(e), and 6(f) do not agree perfectly with the LHF and SHF trends in Figure 2 . The main discrepancy is that the difference maps exhibit larger influence of more frequent Azores High high/east states toward the eastern end of the Mediterranean. The intensification toward the east is not observed in the LHF and SHF trends. This may result from the influence of other teleconnection patterns on Mediterranean turbulent fluxes (e.g., [19] ). Nevertheless, the correspondence between LHF and SHF trends, and the spatial patterns of air-sea gradients and wind speed associated with the change in state of the Azores High from low/west to high/east, suggests that there is a strong relationship between the trends in state of the Azores High and trends in Mediterranean Sea turbulent heat fluxes.
To understand how the increase in frequency of the high/east Azores High state altered the air-sea gradients of humidity and temperature, we examined maps of composites of Azores High high/east-Azores High low/west near surface specific humidity (Figure 7(a) ) and near surface air temperature (Figure 7(b) ). Difference composites of Azores High high/east-Azores High low/west near surface wind vectors are plotted on top of the near surface humidity and temperature differences. Figures 7(a) and 7(b) show that that the Azores High high/east state produces drier conditions over the entire Mediterranean and colder conditions over the central and eastern Mediterranean, associated with enhanced northerly winds. As the Azores High strengthens and moves eastward, the anticyclonic wind field associated with it also strengthens and shifts eastward. Because the Mediterranean Sea is located just eastward of the Azores High, the longitudinal position of the Azores High has a large impact on the strength and direction of wind in different parts of the basin. This produces the wind vectors shown in Figures 7(a) and 7(b) , which demonstrate that intensification and eastward displacement of the Azores High are associated with stronger northerly winds over the entire basin, with the largest differences found over the eastern portion. These northerly winds associated with the Azores High high/east state advect drier, colder continental air over the warmer Mediterranean waters, leading to the enhanced air-sea humidity and temperature gradients shown in Figures 6(a) and 6(c) .
Recent studies have found an upward trend of SST in the entire Mediterranean [17, 24, 48] . The paper [24] attributed this change to enhanced inflow of warm water from the Atlantic related to variability in the EA and the Atlantic Multidecadal Oscillation (AMO), a pattern of variability of the North Atlantic. The anomalously warm waters are advected eastward by the surface currents of the Mediterranean, eventually affecting the entire basin. We computed composites of Azores High high/east-Azores High low/west for SST and found no statistically significant differences over the Mediterranean (not shown), indicating that Azores High variability is not responsible for observed trends in Mediterranean SST. These findings, together with the results presented above, indicate that warmer SSTs related to the EA and AMO combine with colder, drier, and windier conditions induced by more frequent Azores High high/east states, to produce the observed differences in air-sea humidity and temperature gradients, which leads to enhanced latent and sensible heat fluxes.
Conclusions
We find positive trends from 1958 to 2011 in DJF LHF and SHF over the Mediterranean. Trends are everywhere positive, in agreement with [48] , but there is substantial spatial variability, particularly in LHF. Trend maxima are found near the northern coastlines, in the central Mediterranean and the southern Levantine basin. Minima occur in the central basins of the Alboran Sea in the western Mediterranean, the Tyrrhenian and Ionian Seas in the central Mediterranean, and especially the northern Levantine basin. These patterns resemble patterns in evaporation trends for a shorter time interval presented by [17] , suggesting that the LHF trend spatial pattern has remained consistent over the longer time interval.
Time series of Azores High pressure and longitudinal position indices are presented, along with time series of the NAO and EAWR, two teleconnections known to influence Mediterranean climate. The Azores High indices and the NAO index are found to have a significant trend over the study period, while the EAWR has no trend. The two Azores High indices that have positive trends over the study period are found to covary such that strong Azores High pressure centers occur further to the east, while weak Azores High pressure centers are located to the west. Azores High pressure and longitude are shown to occur along a high/east to low/west axis.
The Azores High pressure and longitude axis defined by high/east to low/west and the NAO both have positive trends over the study period. To explore which mode better explains the observed trends in LHF and SHF, composites showing the effect on air-sea gradients of humidity and temperature, and on zonal and meridional wind velocities, of a shift from predominantly Azores High low/west to high/east conditions are constructed. Similar composites are also constructed for air-sea humidity and temperature gradients and zonal and meridional wind velocities associated with a shift from NAO− to NAO+ conditions. Examination of the composites reveals that while the patterns are somewhat similar, as expected since the NAO index is a measure of the intensity of the pressure gradient between the Icelandic Low and the Azores High, the Azores High high/east-low/west composites of air-sea gradients and wind velocity are more similar to the LHF and SHF trends. This suggests that the additional information on spatial variability in the location of the Azores High improves understanding of the long term trends in Mediterranean Sea LHF and SHF, compared to using only the pressure difference, as in the NAO index.
Further exploration of the effect of increasing frequency of the Azores High high/east state on wind direction, near surface humidity, and temperature over the Mediterranean reveals that the eastward shift and intensification of the anticyclonic circulation around the Azores High is associated with northerly winds over most of the basin, resulting in advection of cold, dry air. The trend toward windier, colder, drier conditions combines with long term warming of the sea surface related to the EA and AMO, to enhance LHF and SHF.
Examining Mediterranean climate variability with respect to Azores High variability rather than one of the other ways of describing large scale atmospheric circulation variability that have fixed modes (e.g., indices derived from station measurements of SLP, as in [3] , or principal component analysis (PCA)/EOF, as in [4] ) relates it to easily observed, physically meaningful phenomena. Similar results might be obtained using another representation of the meridional pressure dipole, as it is the dominant mode of variability in the region. However, the center of action method used here is not computationally burdensome, is directly related to observed physical quantities, and is appropriate for investigating the effect of fluctuations in the location of the centers of action on regional climate. Indeed, we find that adding information on the position of the Azores High improves the outcome of our analysis.
Previous studies agree that the strength of the pressure dipole is intrinsically related to shifts in the location of the centers of action, in the past [51] and current climates [9, 11] , and in model simulations of past and present climates [50, 51] . It is unclear whether this relationship will continue in the future. The paper [51] found that, in a 1% CO 2 increase scenario, simulated 21st century teleconnectivity axes continue to display the same spatial variability but become more stable in time, leading them to hypothesize that external forcing may increase the likelihood of a persistent northsouth or northwest-southeast state. The paper [52] , however, found no trends in the NAO in a Representative Concentration Pathway (RCP) 8.5 scenario (i.e., large anthropogenic forcing) for the 21st century but did see continuous strengthening and eastward expansion of the Azores High.
The relationship of the Mediterranean heat fluxes with the Azores High is interesting for the additional reason that the Azores High represents the downward branch of the Hadley circulation in the North Atlantic sector. The increasing strength of the Azores High is an example of the strengthening and expansion of Hadley circulation that has been attributed to anthropogenic warming [53, 54] . Because of large natural variability, it may not be possible to conclusively attribute late 20th century trends in North Atlantic large scale atmospheric circulation to external forcing [14, 50] . However, the anthropogenically forced changes in the Hadley circulation and subsequent changes in the strength and position of the Azores High lend support to [9] 's and [51] 's suggestion that anthropogenic climate change may manifest in the North Atlantic atmospheric circulation as changes in mode stability and variability. If the current trend in the DJF Azores High pressure continues, we can expect the trend of increasing surface heat fluxes in the Mediterranean in the future, which could have large impacts on many aspects of Mediterranean climate, including circulation, biogeochemistry, biological productivity, and hydrography [30-32, 55, 56] and on the global thermohaline circulation [38, 39] 
